The mRNA for the adaptive enzyme isocitrate lyase (ICL) from ChZoreZZa fusca has been identified by fractionation of total poly(A)-containing RNA and in vitro translation followed by immune precipitation. The M , of ICL mRNA was approximately 8-0 x lo5, which is in good agreement with a previous estimate obtained by in vivo double-labelling.
INTRODUCTION
Isocitrate lyase (ICL; EC 4.1.3.1) is an enzyme of the glyoxylate by-pass which is synthesized adaptively by several micro-organisms, including the eukaryotic green alga ChloreZla fusca (Syrett et al., 1963) . The control of ICL gene expression in this organism is interesting because of the wide range of enzyme levels found under different physiological conditions. During autotrophic growth there are only 1-2 molecules of ICL per cell (Thurston, 1977) , but this rises to approximately 2 million molecules per cell (7-8 % of total soluble protein) when enzyme synthesis is fully induced under heterotrophic growth conditions where acetate is the sole carbon source (John & Syrett, 1968) . In addition, there is a temporal restriction on inducibility during the cell cycle (McCullough & John, 1972a ) and the enzyme is not synthesized when photosynthesis is possible (Syrett, 1966) or when glucose is present in the medium (McCullough & John, 1972b) . There is also evidence of a post-transcriptional control of ICL gene expression (Scragg et aZ., 1975) . To enable precise estimation of the amount of ICL mRNA in C. fusca cells a specific cDNA probe is required. The isolation of partially purified ICL mRNA as the first step in the cloning process has also enabled us to estimate the size of the ICL messenger by a direct method.
METHODS
Growth of organism. Chiorella fbsca var. vacuolata 211-8P was grown in mineral salts medium under photoautotrophic conditions (McCullough & John, 1972a) . Heterotrophic growth was achieved by adding sodium acetate to a final concentration of 25 mM and darkening the cultures.
Extruction of RNA. Total RNA was prepared by breaking the cells in a French pressure cell and deproteinizing by phenol extraction (Fraser & Carter, 1976) . Poly(A)-containing RNA was selected by affinity chromatography by using oligo(dT)-cellulose as described previously (Lambe & John, 1979) .
Electrophoresis o f R N A .
RNA was fractionated by using 1 % (w/v) low gelling temperature agarose (Sigma) gels incorporating 5 mM-methylmercuric hydroxide (Bailey & Davidson, 1976) . Cylindrical gels of 7 mm diameter x 100 mm length were used. After electrophoresis the gels were washed (2 x 10 min) in 0.5 M-ammonium acetate and scanned at 265 nm. The portion containing the nucleic acid was sliced into 4 mm segments, which were melted separately in 5 vols gel buffer (65 "C, 5 min). The agarose was removed by two successive 15 min extractions using phenol saturated with electrophoresis buffer (W ieslander, 1979 
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aqueous layer was supplemented with 0.1 vol. 2 M-NaCl and the nucleic acid precipitated by adding 2.5 vols chilled (-20 "C) ethanol and overnight storage at -20 "C. The RNA was recovered by centrifugation (2500g, 30 min, 4 "C) and washed with ethanol/O.l M-NaCl(2 : 1, v/v). The pellets were dried in a stream of air, dissolved in a small volume of distilled water and stored under liquid nitrogen. Gels were calibrated by electrophoresing total RNA from C. fusca on an additional gel. The M, standards were the large and small subunits of cytoplasmic ribosomal RNA (marked LSU and SSU respectively; Fig. 1 ) with M, values of 1.28 x lo6 and 0.65 x lo6, and transfer RNA (tRNA) with an M , of 2.5 x lo4 (Lambe & John, 1979) .
Translation of mRNA in vitro. A cell-free translation system derived from wheat germ was used (Marcus et al., 1974) . Endogenous synthesis was reduced by using a calcium-dependent nuclease step before cell-free translation (Pelham & Jackson, 1976) . The final volume for translation was 100 p1 and contained 100 pCi (3.7 MBq) L- [35S] methionine [specific activity 800 Ci (30 TBq) mmol-I]. After incubation at 27 "C for 60 min duplicate 2 yl samples were spotted onto strips (2 x 1 cm) of Whatman no. 1 filter paper and boiled in 10% (w/v) TCA, 0.5% Lmethionine for 20 min. After being washed in the same solution at room temperature the strips were washed twice in ethanol and once in diethyl ether before their radioactivity was measured in a scintillation spectrometer. Scintillant contained 4 g PPO, 500 ml Triton X-100 and 1000 ml toluene. The remainder of each translation mixture was used for immune precipitation.
Immunoprecipitation of ICL from cell-free translation mixtures. Purified ICL protein (John & Syrett, 1967 ) was used to raise rabbit anti-ICL antibodies. The IgG fraction was prepared by gel filtration and DEAE-cellulose chromatography as described by Doherty (1977) . The fraction containing anti-ICL IgG has been shown to precipitate ICL quantitatively from cell-free translation products (John et al., 198 1) and the immune precipitated protein has been identified as ICL by limited proteolytic mapping and comparison with in vivo synthesized ICL (B. Orr & P. C. L. John, unpublished observations). The cell-free translation mixtures were centrifuged (1 1 500 g, lOmin, 4°C) and the clarified supernatants supplemented with 0.25 vol. 10% (w/v) Triton X-100 in phosphate/saline (10 mM-sodium phosphate, pH 795,150 mM-NaC1). A 5 p1 volume of anti-ICL IgG (500 pg ml-I in phosphate/saline) was added and incubated at 37 "C for 30 min. A 10 pl volume of goat anti-rabbit IgG (1 mg ml-I ; Miles Biochemicals) was then added and the mixture allowed to stand at 4 "C overnight. The precipitates were recovered by centrifugation (1 1 500 g, 10 min, 4 "C) and washed by re-suspension in 0.5 ml phosphate/saline containing 1 % (w/v> Triton X-100, followed by a final wash in 0.5 ml phosphatelsaline. The pellet was dissolved in a small volume of distilled water and prepared for electrophoresis as described by Lambe & John (1979) .
Electrophoresis of imrnunoprecipitated ICL. Protein electrophoresis was done in 15 % (w/v) polyacrylamide gels (Laemmli, 1970) . After electrophoresis the gels were fixed in 20% (w/v) TCA overnight and the positions of radioactive protein bands visualized by fluorography (Laskey & Mills, 1975) .
RESULTS A N D DISCUSSION
Total poly(A)-containing RNA was fractionated and translated in vitro. ICL was recovered from the in vitro translation products by immunoprecipitation, and was detected in fractions 2-6 from the RNA gel (Fig. la) , the largest amounts occurring in fractions 2 and 3 (Fig. 1 b) . The identity of the other minor bands which co-precipitated with ICL is unclear; they probably represented non-specific binding of C. fusca proteins to the antibody during immunoprecipitation. This was characteristic of this particular batch of antibody and was not seen in earlier recoveries of ICL from translation mixtures (B. Orr & P. C. L. John, unpublished observations). It is also possible that the bands with an M, of approximately 50000 represent an artifact of the gel system (Tasheva & Dessev, 1983) or are skin protein contaminants (Ochs, 1983) .
The size of the ICL messenger was estimated by comparing the percentage distribution along the fractionation gel ( Fig. 1 b) with the M, standards (Fig. 1 c) . This interpretation assumes that the cell-free translation assays were not saturated by any of the mRNA inputs from the fractionated samples. Saturation was unlikely to have occurred since the maximum input possible was 1/20 of fraction 6 or 7, which each contained approximately 14 pg mRNA. Thus, even allowing for 100% recovery of mRNA, only 0.7 pg was added to these translations. Since incorporation of radioactivity into protein was linear up to 3pgmRNA input per 1OOyl translation assay (data not shown), comparing the relative abundance of ICL protein in fractions 2-6 is valid. Since the bulk of ICL appears in fraction 3, the simplest approach is to take the midpoint of this modal size class, which gives an M , of 7 x lo5 for ICL mRNA. Fraction no. However, if the skewed nature of the distribution is taken into account, a more appropriate value is half-way between the mode (7-0 x lo5) and the upper limit of the modal size class (8.9 x lo5). This gives an M , of approximately 8.0 x lo5 for ICL mRNA, and is in good agreement with an earlier estimate obtained from an in vivo double-labelling experiment (Dunham & Thurston, 1980) , 1979) , the coding capacity of the ICL messenger is 2274 nucleotides, which is 993 nucleotides (78%) more than the MCR. It is interesting to compare these data with those for castor bean ICL protein and mRNA. In this system the protein has an M , of 67000 and the mRNA has 2300 nucleotides (Martin et a!., 1984) . This messenger is therefofe, approximately 25% larger than the MCR. Excess capacity is seen in many other eukaryotic mRNAs including ovalbumin mRNA, which is 61 % larger than the MCR (McReynolds et al., 1978) and yeast iso-1 cytochrome c mRNA, which is 60% larger than the MCR (Boss et al., 1982) .
It is likely that the excess capacity present in C. fusca ICL mRNA is in the form of untranslated sequences at both ends of the molecule, more being at the 3' end. However, it will not be possible to confirm this until the messenger is cloned and sequenced. This work is at present being undertaken, The availability of a cDNA specific for ICL mRNA will enable ICL gene expression to be studied in C. fusca, and will also permit a more accurate analysis of the messenger size by Northern blot analysis.
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